Reciprocal interactions between a tumor and its microenvironment control expansion of tumor cells. Here we show a specific type of interaction in which blasts of experimental leukemia destroy the bone marrow (BM) structures and kill stromal cells. The in vitro experiments showed that the cytotoxic agent released by leukemic cells is the fragmented DNA derived from their genome and occurring in nucleosome-like complexes. This DNA entered nuclei of BM or other cells and induced H2A.X phosphorylation at serine 139, similar to double-strand break-inducing agents. There was a correlation between large amounts of acquired DNA and death of recipient cells. Moreover, the DNA integrated into chromosomal DNA of recipient cells. Primary human acute myeloid leukemia cells also released fragmented DNA that penetrated the nuclei of other cells both in vitro and in vivo. We suggest that DNA fragments released from leukemic and also perhaps other types of tumor cells can activate DNA repair mechanisms or death in recipient cells of a tumor microenvironment, depending on the amount of the acquired DNA. This can impair DNA stability and viability of tumor stromal cells, undermine homeostatic capacity of tumor microenvironment and facilitate tumor progression.
INTRODUCTION
Activated oncogenes elicit a genotoxic stress in cells, often accompanied by the formation of double-strand breaks (DSBs) in chromosomal DNA. Eukaryotic cells respond to such DNA damage by activating signaling pathways that promote cell cycle arrest and DNA repair. However, oncogenes not only cause DNA damage, but also incite tolerance to it by compromising DNA damage checkpoint regulation. [1] [2] [3] [4] [5] [6] [7] This prevents the appropriate repair or the induction of senescence or cell death in cases of irreparable damage. Thus, activation of oncogenes often demarcates the onset of genome instability that characterizes precancerous lesions and underlies the progression to solid tumors. 8 In hematologic cancers, oncogenic tyrosine kinases also compromise DNA stability and activate DNA damage response (DDR). [9] [10] [11] In many cases, this response does not result in efficient cell cycle arrest, and affected cells progress further to form leukemias.
Acute myeloid leukemia (AML) is the most common myeloid malignancy in adults. 12 One of the central factors engaged in both normal hematopoietic development and malignancies is the Myb transcriptional regulator. Recent data have demonstrated the role of Myb in AML by showing its decisive position in the network mediating MLL fusion oncoprotein activity. 13 The first experimental model of AML was introduced by Eckert et al. 14 This model was based on the v-Myb oncoproteincarrying retrovirus AMV (avian myeloblastosis virus), which induces fatal AML in chicks. The v-myb oncogene commits myeloid progenitors to the monocyte/macrophage lineage, 15 blocks their differentiation and activates their proliferation (for a review, see refs [16] [17] [18] [19] . For all these activities, the DNA-binding and transactivation domains of the oncoprotein are crucial. On the other hand, the v-Myb leucine zipper region (LZR) rather attunes oncoprotein biological activities. The DP LZR mutant efficiently transforms myeloid cells in vitro and induces the accumulation of leukemic monoblasts in the bone marrow (BM) of infected chicks similar to the wild-type (wt) oncogene. However, DP v-myb monoblasts, unlike wt-v-myb-transformed cells, only rarely egress from the BM and DP v-myb leukemia generally does not proceed to the acute phase. 20 In order to enter circulation, marrow cells must pass through the marrow-circulation barrier. Leukemic cells are not regularly endowed with properties required for this transit, and conditions allowing for their migration are not well known. In order to address the question of how myeloid leukemic cells can enter the circulation, we took advantage of the experimental system based on wt v-myb-and DP v-myb-induced leukemias.
We found that the secretome of wt v-myb leukemic cells can destroy BM structures, thereby eliminating the marrow-circulation barrier. DNA from nucleoprotein complexes present in this secretome enters neighboring stromal cells where it activates cell death pathways.
RESULTS
The egression of leukemic cells from the BM into the peripheral blood is preceded by destruction of the BM microenvironment The wt and DP v-myb oncogenes induce monoblastic leukemia in chicks. Although the wt blasts soon egress from BM into peripheral blood, the DP v-myb blasts are mostly retained within the marrow 20 ( Supplementary Figure 1) . To understand events directly preceding the penetration of leukemic blasts into the periphery, thin sections from long bones (femur and tibia) were compared 15 days after infection of animals with wt v-myb, DP v-myb or 0 v-myb retroviruses. Significant differences were observed in the structure of growth plates. Animals injected with 0 v-myb and DP v-myb viruses displayed regular structure unlike wt v-myb-infected animals ( Figure 1a ). Sections from bones at 9, 13 and 17 days after wt v-myb infection revealed the progressive destruction of all typical growth plate structures (Figure 1b) . This global destruction of BM likely underlies the massive egress of leukemic cells to the periphery. Experiments with ex vivo BM cells document that the destruction of the BM microenvironment is not caused by wt v-myb infection of stromal cells (Supplementary Figure 2) .
The material released from leukemic blasts induces cell death in various cell types When, however, wt v-myb-transformed blasts were allowed to multiply in BM cultures, a striking progressive reduction of stromal cells was observed. Non-contact co-cultures of leukemic and stromal cells revealed that only stromal cells located directly under inserts with wt v-myb leukemic cells sustain damage, which increases with prolonged co-culture. Similar damage caused by wt v-myb blasts was observed in co-cultures with the human fibroblast line BJ or NIH 3T3 cells. Cells situated under inserts with DP leukemic cells or outside areas covered by inserts containing wt blasts exhibited no damage (Figure 1c) . Thus, the cytotoxic effect is caused by material released from the leukemic cells.
Secretomes of leukemic cells contain core histones with associated DNA Wild-type blasts released significantly higher amounts of proteinaceous material than DP blasts (Figure 2a ), although they did not display standard cell death markers (Figures 2f and g ). Therefore, we refer to the released material as the secretome. Secretomes and cell lysates from corresponding wt and DP leukemic blasts were analyzed in parallel experiments by two-dimensional chromatography and the protein composition of matching fractions was compared. The mass spectrometry revealed core histones as the proteins most significantly enriched in secretomes (exemplified by H3 and H4 in Figure 2b ). Enzymelinked immunosorbent assay for the detection of chromatin revealed that histones were associated with DNA and that wt blasts released B3 times more chromatin than DP blasts (Dvořáková, unpublished data). Chromatin was present in 350K Â g sediments from 100K Â g supernatants of culture media. Both the histones and DNA from this sedimentation (hereafter referred to as the 350K Â g sediment) were accessible to the respective antibodies regardless of the presence of nonionic detergents, suggesting that chromatin is not contained in enveloped vesicles and likely represents extracellular nucleosomes (reviewed in Peters and Pretorius 21 ), stainable by propidium iodide (Figure 2c ). This conclusion was further supported by the absence of DiI-stainable membranes in 350K Â g preparations (Supplementary Figure 3) . DNA isolated from the 350K Â g sediment contained mainly B140 bp species (Figure 2d, lane 3) . The most abundant proteins in 350K Â g sediments were the core histones ( Figure 2e ).
All tested (4 out of 4) primary human AML short-term cultures derived from BM aspirates also liberated chromatin isolable as 350K Â g sediments. These sediments contained fragmented DNA and core histones similar to what is observed in the chicken model. This DNA was enriched with higher molecular weight species ( Figure 2d DNA secreted by both the human and chicken leukemic cells enters the nuclei of neighboring cells Extracellular nucleosomes might enter surrounding cells because of the basic nature of histones. Therefore, wt-and DP v-myb leukemic cells were pulse labeled with 5-bromo-2 0 -deoxyuridine (BrdU) and co-cultured in inserts with chicken BM or human BJ cells. Alternatively, the 350K Â g sediments from BrdU-labeled v-myb cells were added to BM or BJ cultures. The BrdU DNA from both sources was detectable in the nuclei of recipient cells 6-8 h later. In accordance with the total amount of secreted material, wt v-myb blasts caused more intense labeling of neighboring cell nuclei than DP blasts (Figure 3a) . The BrdU 350K Â g sediments also caused staining of nuclei of co-cultured cells (Figure 3b ). The 350K Â g DNA was solely nuclear and the efficiency of its transport depended on associated proteins (Supplementary Figure 4) . In order to verify the ability of nucleosomes to enter the nuclei of neighboring cells, nucleosomes were directly prepared from the nuclear chromatin of chicken embryo fibroblasts (CEFs) (Supplementary Figure 5) and used in similar experiments. The DNA of BrdU-labeled CEF nucleosomes was readily detectable in the nuclei of co-cultured BJ cells (Figure 3b) .
To further test the uptake of secreted DNA, chicken BM and human BJ cells were cross-co-cultured with human or chicken leukemic cells, respectively, in inserts or with 350K Â g sediments. Purified nuclear DNA of human BJ cells contained both arbitrarily selected repetitive and unique chicken sequences (Figure 3c) . In complementary experiments, not only repetitive human Alu sequences (Figure 3d ) but also human albumin sequences and AML cell clone-specific mutations were readily detected in chicken nuclei (Figure 3e ).
Acquired DNA activates the DDR in recipient cells DNA fragments, although of foreign origin, should activate DDR in the nuclei of recipient cells as the DNA free ends are likely detected by DSB-sensing mechanisms. Phosphorylation of histone H2A.X at the C-terminal serine (gH2A.X) is one of the early events in this process. 22 The chicken H2A.X responded to DNA damage similarly as mammalian H2A.X (Supplementary Figure 6) . The gH2A.X was detected in human BJ or chicken BM cells following co-cultivation with wt v-myb blasts in inserts or with 350K Â g sediment (Figures 4a and b) . Material from cells of leukemic patients induced H2A.X phosphorylation as well (Figure 4b , right). Exogenous short DNA fragments noncontiguous with the endogenous chromatin can induce DDR as extensive H2A.X phosphorylation was also observed on unbroken chromosomal DNA strands located within the nuclear territory surrounding DSBs. 23 The gH2A.X was also detectable by immunofluorescence ( Figure 4c ). To make sure that this gH2A.X does not originate from the 350K Â g fraction, the 350K Â g material with the high content of gH2A.X was isolated from the media of etoposide-treated wt blasts and compared with its dephosphorylated aliquot. Both high gH2A.X and low gH2A.X 350K Â g aliquots induced comparable levels of gH2A.X appearance in BJ nuclei. This documents the ability of 350K Â g material to induce phosphorylation of endogenous H2A.X (Figures 4d and e) . In addition to gH2A.X formation other step of the DDR pathway, phosphorylation of p53 serine 15, 24 was also activated (Supplementary Figure 7) . Further support for the idea that secreted nucleosomal DNA induces DDR in recipient cells came from colocalization studies. Confocal microscopy revealed colocalization of BrdU-labeled DNA with gH2A.X foci in BJ nuclei cultured with BrdU-labeled 350K Â g wt v-myb blast sediment ( Figure 4f ). The H2A.X in chicken BM stromal cells was also phosphorylated in vivo. Nonmyeloid stromal cells from wt v-myb-infected animals contained higher amounts of gH2A.X than analogous cells from DP-infected animals in the period when the BM microenvironment disintegrates and leukemic cells egress (Figure 4g ). This correlated with the amounts of extracellular BM chromatin (Figure 4h ). micrococcal nuclease (Figures 5b and c) . The cell death was not because of potential activation of Toll-like receptors (TLRs, especially TLR9) as, first, NIH-3T3 cells did not respond to their ligands 25 and, second, BJ cells exposed to TLR9 agonist concentrations four times higher than DNA concentration in added 350K Â g sediment displayed no signs of cell death (Figure 5d ). TLR 1-8 agonists at medium concentrations did not induce death of BJ cells as well (not shown). The results obtained with CEF nucleosomes closely resemble those obtained with the wt 350K Â g nucleosomes and strongly suggest that nucleosomal DNA of any origin can localize into nuclei of neighboring cells and induce cell death when plentiful.
Acquired DNA integrates into nuclear DNA of recipient cells It has been widely accepted that phosphorylation of H2A.X at sites of DNA damage results in the recruitment of repair machinery. 26 If the cellular DNA contained DSB, the 350K Â g DNA could be integrated into cell genome (either individually or in tandems) and mutagenize it. To search for such DNA, the DNA combing technique 27 was used followed by immunochemical detection of BrdU and single-stranded DNA. Figure 6a documents usability of this technique as both the BrdU-labeled and denatured singlestranded DNA can be detected together on silanized coverslips. When BrdU wt 350K Â g sediment was added to 2 Gy X-ray irradiated BJ cells (to increase the number of DSBs), the labeled DNA was infrequently found contiguous with long DNA fibers both within fibers and at their ends (Figures 6b-f) , documenting the integration of DNA released by leukemic blasts into the genome of recipient cells.
To demonstrate that the nucleosomes released from AML cells can also enter neighboring cells in vivo, the human AML 350K Â g sediments were injected into blood circulation of 12-day-old chicken embryos. After 3 days, human sequences were detected in cell nuclei from several chicken tissues (Figure 6g ). In alternative experiments, the female-specific gene Wpkci was detected in nuclei purified from the tissues of male embryos injected with 350K Â g sediment obtained from ex vivo female chick monoblasts (Figure 6h ).
DISCUSSION
The secretome of leukemic myeloid cells in v-myb leukemia is toxic only for nonleukemic cells. One plausible explanation is that the Myb oncoprotein has impaired or switched off checkpoints controlling DNA metabolism, making transformed cells insensitive to their own DNA damage. Oncogene-distorted DNA control is likely also behind the production of the 350K Â g nucleosomes. As we observed no clearcut correlation between the amounts of released nucleosomes and standard anti-apoptotic or proapoptotic cell growth conditions (Dvořáková, unpublished data), we suggest that the 350K Â g nucleosomes are released as a product of abnormal DNA metabolism in living tumor cells. Alternatively, it may be generated during an aberrant cell death process. Our data document that rapidly proliferating AML cells have the capacity to force their way into the circulation through the destruction of the marrow-circulation barrier. The nucleosomes liberated by AML cells appear to be an important component of this mechanism. As the release and acquisition of DNA/chromatin has been described in many cell types (for a review, see Fleischhacker be processed by repair mechanisms such as non-homologous end-joining (NHEJ)-the DNA repair pathway that is often responsible for chromosomal translocations and other genomic rearrangements in somatic cells (for a review, see Mani and Chinnaiyan 30 ). In addition, secreted nucleosomal DNA can integrate into the genome of surrounding cells and affect it through insertional mutagenesis. Both these effects can contribute to field cancerization 31 and tumor progression. We hypothesize that tumor cells through their extracellular nucleosomes may affect neighboring cells, as summarized in Figure 7 .
MATERIALS AND METHODS

Animals and embryos
Brown Leghorn C/E gs À chicken and embryos from leukosis-free flocks 32 were used throughout the study. 
Leukemogenesis assay
One-day-old chicks were infected with wt v-myb, DP v-myb or 0 v-myb virus by injecting 0.5 ml of virus-containing tissue culture supernatants into metatarsal veins. 33 Animals were inspected for leukemia formation by analyzing peripheral blood smears and micro-hematocrits. BM cells were isolated from femurs and tibias. BrdU wt blasts 
Tissue cultures
Ex vivo cultures of chicken leukemic monoblasts were prepared as described. 20 Stromal cell cultures were prepared from BM of 5-day-old uninfected chicks. 20 Leukemic blasts and uninfected stromal cells were grown in 6% CO 2 , 5% O 2 atmosphere at 41 1C in complete media: Dulbecco's modified Eagle's medium (DMEM) supplemented with 8% FCS (PAA Laboratories) and 2% chicken serum (Sigma), 20 mM Hepes, pH 7.3, 100 units/ml penicillin/streptomycin (Gibco-BRL, Invitrogen, Carlsbad, CA, USA) and further additives. The low oxygen atmosphere and 41 1C approximated better the in vivo conditions and were clearly beneficial for the growth of leukemic cells and the growth and differentiation of stromal cells. Human BJ fibroblasts were grown at 37 1C, 5% CO 2 in DMEM, 10% FCS and antibiotics. Human AML cells were kept in RPMI media, 10% FCS and antibiotics, 5% CO 2 , 37 1C. For co-cultivation experiments, Nunc 25 mm CC inserts with polycarbonate membrane, 0.45 mm pore size (Nunc, ThermoFisher Scientific, Waltham, MA, USA), were placed into BM or BJ cultures.
Cell/extracellular material staining Cell smears were prepared on glass slides and stained with May-Grü nwald/ Giemsa (Sigma). Adipocytes were stained with Oil red O according to the Thermo Scientific (Waltham, MA, USA) protocol (SC00011).
Alkaline phosphatase in osteocytes was detected by Fast blue RR staining using the leukocyte alkaline phosphatase kit (Sigma-Aldrich, St Louis, MO, USA). Collagen was stained by Picrosirius Red (Polysciences, Warrington, PA, USA). Mineralized nodules in BM cultures were revealed in 14-day-old cultures fixed by 70% ethanol by 2% Alizarin Red S (Sigma) staining.
Cell separation
To exclude transformed myeloid cells from analyses, they were separated from nonmyeloid stromal cells using MC51-2 antibody. Freshly isolated BM cells were reacted with MC51-2 antibody (kindly provided by Dr H Beug, Vienna, Austria) specific for myeloid cells. Myeloid cells were separated from other BM cells on MACS Separation columns (Miltenyi Biotec, Auburn, CA, USA) using MicroBeads anti-mouse IgG1 secondary antibody. Nonmyeloid stromal cells were analyzed by western blot procedure.
Secretome isolation and fractionation
Chicken leukemic cells were kept in protein-free media (Ultradoma, Lonza, Walkersville, MD, USA) for 24 h and the conditioned media was subjected to three rounds of centrifugation (300 Â g for 5 min, 1K Â g for 15 min and 10K Â g for 30 min to remove cells and cell debris but to preserve conceivable exosomes or similar microparticles), precipitated by 10% trichloroacetic acid in the presence of 0.9% lauryl sarcosine. The precipitate was collected by centrifugation extracted twice with tetrahydrofuran, washed with 80% ethanol containing 50 mM Tris, pH 8.0, 50mM NaCl, dried and dissolved in 7.5 M urea, 2.5 M thiourea, 12.5% glycerol, 62.5 mM Tris-HCl, 2.5% (w/v) n-octylglucoside (octyl b-D-glucopyranoside), 6.25 mM TCEP (Tris (2-carboxyethyl) phosphine hydrochloride) and 1.25 mM protease inhibitor (Sigma), and subjected to two-dimensional high performance liquid chromatography of proteins (Beckman-Coulter ProteomeLab PF 2D, Brea, CA, USA). 34 The Viper software version 2.3.0.0 (Ludesi, Malmö , Sweden) was used for PF 2D data evaluation. Proteins were identified by MALDI-TOF (matrix-assisted laser desorption/ionization-time of flight) mass spectrometry.
Preparation of 350K Â g sediments, CEF nucleosomes and chromatin detection
The 350K Â g fractions liberated by cultured avian or human cells were prepared as follows: 10K Â g supernatants of conditioned media were centrifuged for 1 h at 100K Â g to remove viruses and potential exosomes. Supernatants were then centrifuged for 2.5 h at 350K Â g and sediments suspended in sterile saline or PBS. To prepare 350K Â g fractions from the chicken BM, long bones were flushed with the DMEM, cells removed by the low-speed centrifugation and supernatants were further processed as conditioned media. CEF nucleosomes were prepared as described. Sensitivity of BJ cells to TLR agonists 2 ml BJ cell cultures were supplemented with individual TLR1-9 agonists (Human TLR1-9 Agonist Kit; InvivoGen, San Diego, CA, USA). Each culture received 5 doses in 24 h intervals. Each particular dose contained 400 ng of the TLR1/2 agonist, 4 Â 10 7 of the TLR2 agonist HKLM cells, 4 mg of the TLR3 agonist, 4 mg of the TLR4 agonist, 400 ng of the TLR5 agonist, 400 ng of the TLR6/2 agonist, 2 mg of the TLR7 agonist, 2 mg of the TLR8 agonist and 2 mg TLR9 agonist. At 24 h after the last dose, the cultures were supplemented with 2 mg of propidium iodide and photographed using Leica Cy3 filtercube.
BrdU DNA labeling Cellular DNA was labeled with 10 mM BrdU (Sigma) for 2 or 6 h in growth media, cells were washed two times with the full media, incubated for 30 min in the incubator, washed again and used for co-cultivation experiments.
Antibodies, immunofluorescence and western blots For immunofluorescence analysis, cells attached to tissue culture dishes were washed with PBS þ 0.5% bovine serum albumin (BSA) and fixed with 3% paraformaldehyde for 5 min, washed with PBS þ 0.5% BSA and permeabilized with 0.4% NP-40 in PBS þ 0.5% BSA for 2 min and washed and blocked with PBS þ 2% BSA for 1 h. Then, the cells were reacted with primary monoclonal antibodies (1 h), washed with PBS þ 0.5% BSA and stained with the secondary antibody (1 h). All reactions were done at room temperature. 36 For BrdU DNA detection, cells were first treated with 1.5 M HCl for 30 min. HCl treatment had no adverse effect on the subsequent immunodetection of histones (gH2A.X) or caspase 3. Finally, the cells were mounted into Mowiol (Hoechst, Sanofi, Frankfurt am Main, Germany).
For western blot analysis, protein lysates were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE; 12% SDS-PAGE was used for histones), blotted onto Hybond-ECL (Amersham, GE Healthcare, Little Chalfont, UK) membranes and processed for western blot analysis as described. 36 Nuclei isolation, DNA preparation, PCR and qPCR Nuclei were isolated from single-cell suspensions of chicken embryo tissues, cultured BM or BJ cells. Cells were washed 3 times in PBS and resuspended in 0.32 M sucrose, 20 mM Tris HCl, pH 7.5, 4 mM MgCl 2 , 5 mM CaCl 2 , 0.1 mM EDTA, 1 mM spermidine and 1 mM dithiothreitol. TX100 was added to 0.4% and cells were kept on ice for 5 min with an occasional gentle shaking. The lysate was spun for 3 min at 2K Â g and the sediment was suspended in 0.5 ml of the same sucrose buffer with 0.04% TX100 and layered over 4.5 ml of 2 M sucrose in the spermidine buffer. The nuclei were pelleted by centrifugation (30K Â g, 45 min, at 4 1C) and re-suspended in 250 mM EDTA, pH 8.0, 8 mM CaCl 2 , 1% SDS and 200 mg/ml protease K and incubated overnight at 37 1C. DNA was extracted with phenol/chloroform and precipitated with 1 volume of ethanol, washed in 70% ethanol and dissolved in 5 mM Tris HCl, pH 8.0, 0.5 mM EDTA.
DNA from wt 350K Â g sediments was prepared from 6-to 10-day-old ex vivo cultures of wt leukemic blasts kept for the past 24 h in protein-free media (Ultradoma, Lonza). Sediments were suspended in 250 mM EDTA, pH 8.0, 8 mM CaCl 2 , 1% SDS and 200 mg/ml protease K and DNA isolated as above. The same procedure was used for isolation of human 350K Â g DNA. However, human AML cells were kept in RPMI media, 10% FCS and antibiotics, 5% CO 2, 37 1C.
Reaction conditions and primers used in semiquantitative and quantitative PCR:
Semiquantitative PCR was performed with Taq DNA polymerase (New England Biolabs) according to the manufacturer's recommendations and the resulting products were resolved on a 1.5% agarose gel. The following annealing temperatures and primer sequences were used:
Chicken W chromosome-specific repeat (B40 copies/genome), annealing temperature 60 1C, Primers and probes for a patient-specific abnormality identified at the time of diagnosis (NPM1 mutation type A; insertion of TCTG in exon 12 of the NPM1 gene) and control gene for Albumin were used. 20 s, 58 1C 30s, 721C 30 s) . Each quantitative Real-Time PCR reaction consisted of: 2 ml DNA (100 ng/ml), 1 ml forward primer (10 mM), 1 ml reverse primer (10 mM), 0.4 ml probe (10 mM), 1.6 ml MgCl 2 , 0.6 ml FastStart DNA polymerase (5 U/ml, Roche), 2 ml 10x PCR buffer (FastStart, Roche), 0.4 ml dNTPs (10 mM each; AB-Gene, Epsom, UK), in a final volume of 20 ml. Each sample was run in triplicates.
DNA combing
DNA combing was performed essentially as described. 37 For the combing of DNA molecules, 22 mm CombiCoverslips (Genomic Vision, Bagneux, France) were used. Nuclear DNA of wt blasts pulse labeled with BrdU or nuclear DNA of BJ cells cultured for 24 h in the presence of BrdU-labeled wt 350K Â g sediment were diluted to 1 mg/1 ml. Coverslips were pulled up from reservoirs at the speed of 300 mm/s. DNA was denatured by 1.5 M HCl as above and reacted successively with anti-BrdU and Cy3-of goat antimouse IgGs, blocked with the Mouse on Mouse reagent and reacted with anti-single-stranded DNA antibody and DyLight 488-conjugated affinitypurified F(ab 0 ) 2 fragments of goat anti-mouse IgGs.
Image acquisition and processing
Confocal images were obtained with a Leica DMI6000/TCS SP5 AOBS TANDEM confocal microscope, and other images with a Leica DMIRB fluorescent microscope. Images were captured using DFC480 or DFC420C digital cameras and IM500 software (Leica Microsystems) under the same settings in every set of experiments and processed using Adobe software (Adobe Systems, San Jose, CA, USA).
